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TRAINING AND PERSONALITY AS DETERMINANTS OF EXTRCISE
HYPERVENTILATION - FACTORS AFFECTING THE TESTING OF
PHYSICAL INCAPACITATION IN MAN

By

K.He Kenp and R.J. Shephard
SUMMARY

1, Ventilatory and cardiac responses to the riding of an electricelly braoked
bicycle ergometer have been investigated in young mele subjects during a variety
of short intensive training regines involving both maxinal and sub-maximal work.

In nost experiments rides were repeated thrice daily, for one or two weeks.

2, With "naxinal effort" rides of 5 min duration, there was an increase in
the rate of working over the training period (greater with 4 ride per day than
with three rides per day), and this increase wes sufficient to mask eny improve-

nent of cardiorespiratory performance,

3. With longer perio;ls (45 or 30 min) of heavy but sub-nexinal work, there
was o progressive reduction of both the ventiletory and the cardiac response
to exercise, and calculations suggested that the efficiency of external work
was also increased. The magnitude of these chenges could be related to initial

"£itness",

k. Changes in respiratory quotient with repetition of the sub-mexinel rides
suggest that with habituation, there was less hyperventilation., Both at rest
and during exercise, the cardiorespiratory performance could be related to
personality type, as assessed by the Maudsley Personality Inventory.
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5 Excessive ventilatory work can itself linmit performence, and for this
reason personality and the psychological approsch to successive work periods
can influence both initial working cepecity and elso the response to a training

regime, .

6. The application of these findings to the testing of physical incspacitation

is disocussed,

7. An Appendix gives details of the ergometer-"used in these +tosts,

(sgd.) C. Lovatt Evans,
" Head, Physiology Section,

(385-) W.3.8, Iladell’
KHK/RJS/PMP, : : Assistant Director(Medicsl),
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TRAINING AND PERSONALITY AS DETERMINANTS OF EXERCISE
HYPERVENTILATION - FACTORS AFFECTING THE TESTING OF
PHYSICAL INCAPACITATION IN MAN ‘

'By

K.H, Kemp and R.J. Shephard

INTRODUCTION

The establishnent of a relisble procedure for the evaluation of humen.
workiné capacity is a necessary corollery of our curfent interest in physical
incapécit‘ating agents, The present paper considers factors affecting the
performance of one laboratory test of physical cepacity, the riding of &
bicycle ergometer. This test was selectsd in preference to other procedures
such as the treadnill and the step test for two main reasons:-

(1) there is less scope for variation in techniques of working,
(2) the rate of working is more readily neasured and standardized.
Changes in the ventilatory and cardiac responses to exercise with

ropetition of the test are described, . the influence of type of
training schedule, initial "fitness" end personelity of the subject on the

results is exanined, and a procedure for the testing of physical incapacitation

is suggested,

METHOD

1. Design of the experiment

Seventy three young nen were studied at rest and during and after the
riding of an electrically bra.ked.bicycle ergoneter, The training schedules
were as followss~ .

(a) 6 men - 5 nin "naxinal®™ effort once daily for 5 deys.
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(b) 10 men ~ 5 nin "maxinal® effort thrice daily for 5 days.

(¢) 3 men = 15 min constant effort (125 watts, 714.6 kg.m/min)
thrice daily for 5 dayse

(a) 44 men ‘- 45 nin constant effort (4125 watts, 746 kg.n/min}
thrice daily for 10 deys*

(e) 40 men « 30 min constant effort (125 wa.tts, 746 kg.m/’min)
thrice da:Lly for 5 days.

(f) 2men = 30 nin constant effort (105 watts, 626 kg.m/m:m)
thrice dally for 5 days. -

Measurements were nade for 15 min before, during, and for 15 nin after the
first run of each day of .respiratory minute volume, output of mechanicel
work, cardiac rate, and, in group (d) only, of rectal temperature, oxygen
consumption, and carbon dioxide output, The later runs each day were for
"training" purposes and the only observations nmade were of the output of-
nechanical work. In all subjects, an obaect:.ve nunericel assessment of
"personality" type was made by Maudsley personality mventory(")

2. Experimental procedure

Subjects The 73 subjects ranged in age fron 1.8-2;.0 yr. On arrival
at the laboratory, details of the tests were explained in simple- terms,
physicel characteristics were measured, and the initial state of "training®

and experience of bloycle riding assessed,

"Treining" was reted on a four point scale:-

Grade
Subject taking no regular exercise L
Subject regularly pleying one active sport 3
Subject regularly playing one active sport
with specific treining session 2
Subject regularly playing more than one active
sport with specific training sessions 1

All of the subjects had ridden a bicycle previously, 14 having beexi club
or long (>60 miles) distance cyclists six months or more prior to the tests,
However, at the tine of testing, only 10/73 were bicycling regularly, and

* 2 periods of?daya, With weekend break of 2 days.
CONFIBEM‘IAL
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seven of these 40 were only bicycling short distances (% = 5 miles/day).

The Maudsley personality inventory was completed during the morning
of the second day, and subjects were allocated to 5 arbitrary "personality"
groups on the basis of their "N" and "E" scores, as follows*:-

"N" score ""E" score
"Normal" personality (n) < 28 <3k
"Anyious" personelity (=) > 28 <20
"Hysterical" personality (h) > 28 2427
"Psychopathic" personality (p) > 28 > 28
*Extravert® personelity (e) < 28 > 35

Ergometer test conditions. Experiments were conducted in a quiet draught

free room, Ambient temperatures were constant to within 4 1% for a series

of tests on any one subject, but the mean temperatures ranged more widely from
11.,00 to 20°C for different subjects. Clothing was serge (battledress) trousers
aend :f‘iannel shirt for the "maxinel®™ effort experiments, and shorts and running
vest for the constant effort tests. The first run of each day was made in the
morning, one hour after breakfast, Subjects remained seated on the biecycle

(se&dlé height adjusted to optirmum), and gripped the handlebars throughout
the tests. ‘

Ergoneter, Details of the bicycle ergometer ere given in the Appendix to this
report, The "load" was provided by a shunt-wound car dynamo and an adjustable
external electrical resistance, A pedal speed of 45 r,p.m. consumed 154 watts
and corresponded to a road speed of ebout 10 m.p.h. on a normal 26 in, wheel
bicyocles Work output waes indicated by a low inertia motor counting unit, and
a simple calibration ourve enabled this to be oconverted to standard electrical

units (wa.'i:ts). Counter readings were recorded et 4 min intervals during the
period of work,

ny,

* No clinicel significance is attached to these categories of personality,

From the clinical standpoint, all of the individuals tested would be
considered "within normal limits".
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Respiratory end cardiac measurements
e

Subjects used a standard box valve and mouthpieoce, end expired gas was
pessed to a dry gasmeter (resistance <32 mn H 0 with flow having respiratory
waveforn andpeak of 250 1l./min) for the measuroment of respiratory ninute volumes,
Readings were teken et % min intervals for 45 min before, during, and for 415 min
after a ride. "Resting" ventilation was determined as the average value for
the 6th - 15th nin on the bicycles the extra ventilation during work and )
recovery was calculated to give (i) total extra ventilation (exercise and recovery) -
for a given rate of external work (B.V., 1l./min/wett, end (ii) average extra
ventilation during 15 min recovery period (E.V. rec., l./min). Ventilatory voluies
have been expressed for simplicity at ambient temperature and pressure, saturated
with water vapour (AIPS). A% the room temperatures prevailing in these experiments,
volunes at body temperature and pressure, saturated with water vapour (BTPS) would
be 14=-12% larger. The expired eir was collected in a Douglas bag during the
final ninute of exercise, and semples analysed (for oxygen and carbon dioxide
concentration) on a Scholender apparatus, so thet the oxygen consumption and CO'2
output could be calculated.

Heart rates were measured from ‘a, standard electrocardiogram (lead 1) taken
during the last minute of the initial rest period, end ‘at. 0, 4, 2, 3, 4, 5 and 15 nin
after exercize, Individual tracings were measured over two complete respiratory
oycles to avoid problems fronm sinus arrhythnie, The six readings obtained 0 = 5 min
after exoroise were sumned to give an overell index of performance in the early post-
exercige period; this ls desoribed hereafter as the "pulse total". '

Rectal temperatures were measured immediately before the test, at the end of the
rest perliod, imnediately after exercise, and 15 min after exercise,

RESULTS

1e Oha.'!fxges in ventilatory and cardiac responses to exercise over a 10 day

Ttraining" period.

The mean and S.E. of observations on 14 subjects exercising thrice daily for
15 min at a constant rate of 125 watts (746 kg.n/min) are detailed in Table 1.
Almost all of the 47 paraneters showed' sone change with repetition of the test, but
in most instances the effect was greater in the first week, and even (where this was
recorded) in the first four runs (Dey 1 to Day 2).
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The respiratory minute volume during the initial “rest" period on the
bicycle was high on Days 1 and 2, decreased markedly from Day 2 to Day 3, and
thereafter showed a slow fall into the second week of the training period. The
resting pulse rate was slower on Day 2 than on Day 1, but otherwise showed no
consistent change over the two week period. The respiratory quotient and
ventilatory equivalent for the 15th minute of exercise, and the rectal temperature
rise found both immediately and 45 minutes after exercise all showed a decrease in
the nean value from Day 1 to Day 5, with a suggestion of further small changes in
the following week; only the changes from Day 4 to Day 8 or Day 9 were statlstloally
significant., Most of the remaining ventilatory and cardiac parameters showed a
narked chenge from Day 1 to Day 2, an optimum performance on Day 3, 4 or 5, some
loss of "training" over the weekend, and little improvement of performence during
the second weeks The saddle height and general posture of the subjects was
carefully controlled, and no alteration of riding technique was noted during the
second week, Subjective complaints such as aching or tiredness of the limbs were
not reported after the second or third dey of the first week, and it is therefore
difficult to attribute the absence of any physiological indication of "training"
over the period Day 6 - Day 10 to any physical deterioration in the subjects; in
eny event, the total amount of exercise per day would seem insufficient to produce
such an effect. However, the psychological attitude to the tests undoubtedly
changed over the 40 deys. Initially, the subjects were a little apprehensive
about the various procedures; over the next few days, they became first more
oonf'ident, and later somewhat bored by the routine of riding.

The fall of respiratory quotient with "training" suggests that the ventilatory
response to exercise was excessive on Day 4. However, there was no clear evidence
that this excessive ventilation was due primarily to changes in the first minute of
exercise as others (2, 3) have suggested (See Figs1). The deorease of exercise
ventilation with “training" was brought about entirely by a decrease of respiratory
rate in week 1, with no chaenge of tidal volume., "Training® also produced a
decrease in the "oxygen debt", as evidenced by the fall in ventilation for the
period 0-45 min after exercise; again the change was largest from Day 1 to Day 2,
with a mininum on Day 4 (10th ride).

CONFIDENTIAL
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2. Type of "training" regime in relation to changes of performance

(a) "Maxinal® effort.

Six subjects carried out one 5 min "maxinal" effort ride per day, a.nd' in all
six the average rate of working for the 5 min period inéreased‘.slightly over the
course of the week (Table 2)); in 5 subjects, the inprovement was more than 5 watts
but at an inoreased ventilatory cost (E.V.; l./min/watt). In the sixth subject,
performance was less consistent, and the increase on the final day was marginal
(1 +9 watts); he showed a snall decrease in the ventilatory cost of this work
(=0,44 Lo/min/ watt). ' '

Ten subjects carried out three 5 min "maximal" efforts per dgy. -In none
of these ten was the improvement in work output over the course of the week
greater than the best r_esuits obteined with one ride per day; the average increase
of perfornence for the second group wes smeller then for the first, the effort of
3/40 subjects aotually deteriorating over the course of the week, 4s in the
previous group, in all subjects except one where work output increased, therz was.
a disproportionate increase in the ventilatory cost of this effort. The respiratory
minute volume during these tests was 60-80 1./min ATPS, compared with 30-55 1./min
ATPS in the sub-maximel tests, and the average ventilatory cost for the group (0.63
1./nin/watt at work rate of 150,3 watts), as expected (4, 5, 6) is in striking
contrast with the figure for submaximal work (Table 2(b), 0.34 l./min/watt at work
vate of 125 watts).

The heart rate in recovery showed an inorease with rate of working in 3/k
subjects over the week of "training"; in the fourth, it wes identical with the
value for the first day despite an increase in the rate of working.

The last two subjects (marked by "asterisk) showed a oconsidershle inorease in
work output over the week, despite regular "training® for other competitive sports

(Table 2(a), (ii)). _
(b) Constant effort of 125 watts,

In 36/!..5 subjeots given 15 nin runs, there was a reduction in total ventilation
per watt, and in 39 a reduction in extra ventilation during the recovery period
over the course of the week (Table 2(b), (i)); both changes were highly significant

CONFIDENTIAL
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(P <0,001). In most subjects s the major change occurred from Day 1 ‘to Day 2,
but the difference between readings on Day 4 and Day 5 has been teken was a measure

of the total "training" achieved,

The recovery pulse rate also deoreased considerebly from Day 4 ‘to Day 23
there were smaller decreases on Days 3 and 4, and an increase on Day 5 in 33/U5
subjects, The decrease of pulse rate from Day 1 ‘to Day 4 has thus been teken
as a second measure of the total "treining®; W42/L5 subjects showed = decrease
from Day 4 Yo Day %4, and the change for the group as a whole was highly significant
(P <04004)s The increase from Day 4 to Day 5 was probably an end-effect similar
+to that seen on the finel dgy of sequential psychomotor tesits.

Ten subjects rode the bicycle Tor 30 min at each test. HAs with the 4% min
rides, extra ventilation decreased sharply ower the first 2 @ays, and then more
gradually (Table 2(b), (ii), reaching the lowest welue of the series on Day 5.
Recovery pulse rates decreased from Dgy 4 to Day L, with = snell increase on Day 5
The eamount .of "training", as indicated by these changes, did not Qiffer significently
from that seen in the 45 win group, and there s ‘thus mo evidence thet the 30 min

rides were more effective in “training” the mubjecits.

(¢) Consbant effort of 405 watts.

The immediate post-exercise pulse rate in the two subjects tested was 4L 2/fmin
and 409/min respectively on Day 4. Karwomen, Kentola, and Mustala, (7) have
neintained that a pulse rate of ’135/m1n i3 mecessary tto produce any "training® effecit,
However, both of the present subjects showed improvements im the wentilatory and
cardiac oost of exercise over the course of the week, and the chmges cbserved
were at the lower end of ‘the range obserwed with 30 min rides @t 125 watts.

3, Influence of initial "fitness"

(a) Effect on initisl performsnce, Day 4

The initisl resting pulse rate (Table 3) @ecreased progressively with increase
of "fitness" grade, the mean wvalue being 94.4/min in ;su“b‘éec‘?tsiaiﬂfayﬁmg no regular
sport, and T1..5/min in the two subjeots undergoing ‘the most rigorous training
(0,04> P> 0,004), The "high" resting walues in untrsined subjects are in agreement
with recent observations by Rerbourn (8). The resting respiretory minute wolume
showed no significant differences with respect to initizl "Fitness",

cr
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Pata for 59 subjects on "fitness" and the tobal output of mechanical
work im 5 min "maxinel" effort tests showed that work output increased
significantly with initiel "fitness" (P for @ifference grade L to grade 4.2

'2—‘:.«0;(02):, but as already noted the increase in work output was achieved at

& disproportionate ventilatory cost; there was thus no clear relationship
between “fitness" and ventilation 1./min/watt in "meximel® effort tests.

Tn ‘tests where & constent rate of working was meintained, the grade of
"fitness" was closely related to both the ventiletory cost of the work
(L./nin/wett) end the cardiac response (pulse total 0~5 min after exercise and
pulse rate 15 min after exercise); for &ll three parameters the differsnce
between the group of fiitness grade 4 =nd the group of fitness gralde 2 was
highly significant (P <0.001 ) ‘

() Bffect on amount of "training® schieved

The @eteailed course of ventilation im 44 subjects with no previous
W raining® s =m@ playing no reguler sport, is illustrated during exercise
(constant effort 425 watts) and recovery on Day 1 and Dey 5 (Fig. 1(a)).
On Day 5, the respiratory minute volume was larger then on Dy 1 during the
first few minutes of exercise, but = plateau of ventilation was reachsd esxrlier
emd at » lower level then on Day 4. 4%t 211 stages during recovery, ventilation
was less on Day 5 then on Dgy 1< The corresponding ventilation ourves for a
growp of 9 subjects undergoing regular ™training®™ for other sports (Pitness
grede 1 or 2) were in sowe respoots very sinilar (Pig.1{b)); however, if
oelouleated in terus of extre-ventilation, the effect of ™i{raining” was snaller
3in the "traimed" then in the™antrained™ men. The difference between *trained"
and "untreained” subjects wes more cbviocus when pulse rates for the 45 min
following exercise were compered (Fig.2);  throughout theperiod of cbscrvation,
the pulse rate was slower in the “trained” group than in the “untreined”, and
the improvenent of pulse rate fron Dey 1 to Day & wes elso sualler in the “trained"
Eroup.

CONFIDENTTLAL
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Further data on the amount of "training" achieved in relation to fitness
grade is summarized in Teble l;:. Improvements in total work output (maximal
effort tests), total extra ventilation (l./min/watt, constant effort tests) and
extra ventilation during the first 45 min of recovery (l.min ATPS, constant effort
tests) were unrelated to fitness grade. On the other hand, ‘the decrease in pulse
totals for the first 5 min of recovery, and to a lesser extent the decrease in
pulse rate 15 min after exercise, did vary with fitness grade, the langest
improvement fron Day 1 to Day L ‘being seen in subjects who were initielly Munfit".,

(c) Influence of previous eycling experience

Nine !su"bj‘ec't's‘,:i;niti:aﬂ.ly Munfit", had been long distence cyclists (> 60 miles/
dey) six months or more prior “o the tests. The Hmprovenent of pulse rete from
Dey 1 to Degy 4, in this group did mot differ significantly from that found Hn 4k
subjects, initially equelly "unfit", but with no previous experience of long
disgtence cycling,

Previous experience of No previous experience
long disittance cycling ©of dong distance cycling
4 Pulse total 0 - 5 min
Tecovery, Day 4= Day L ~93 & 27 ~109 &+ 43
(constant effort,, .
425 watts). (9) o)

4 Pulse 15 min after .
exercise, Day 1-Day 4 462 4 3.6 =126 & 343
{(constant effort,
425 watts).
Ten subjects were rifing short @istences &t the tine of the tests, but agein
this was without influence on the improvement in pulse rate from Day 4 to Day le

ke The influence of personality type

{(2) Resting ventilation and pulse rete

Although the resting ventilation on Dey 4 ‘tended to de less in the Manxious"
subjects, and greater in the "hystericsl™ :subjects than in those clessed as "normal™,
these differences were not statistioelly significent (Table 5). #ny difference

9e
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between the A'"amd.ous" and the "kwsférica‘l" subjects on Day 41 seéemed releted
largely to a difference in adjustment’ of the ifdividusl to the experimental
gpparatus; +the ratio resting ventilation 0 - m:.n/rest:mg ventilation

6 = 45 min was 1.163 &+ 0,027 for the *anxious" subjects, but only 1.074 & 0,024
for the "hysterical" subjects (A = 0.094 & 0,034, 0,02>P>0,01).

The resting pulse rate was slso high on Day 1 in the "hysterical® subjects
(significence of differcnce from "normal™ group 0.1> P> 0,05), but was normai in
the "anxious", ”psychqpathici' , and extrevert subjects; this difference was
largely ebolished from Day 1 to Day k4, 5/7 "hystericel® subjects but only 3/10
“enxious" subjects showing a decrease of resting pulse rate over this period,

(b) EBffect on performence for Dey 4, and on zmount of *treining" achieved

In the "maxinmal effort" experiments, the average performance on Dey 1 bore
13ttle relation to personality type (Table 6). However, the subjects with the
nornel personality showed the greatest improvement in performence from Dey 4
to Dey 5, the @ifference from *hysterical™ subjects (A 5,30 & 2,62 watts,

P 22 0,05) and from “psychopathic® subjects (AL.LO & 2.08 watts, 0,05 >P >0,02)
‘being particulerly marked,

In the experiments with a constent work rate of 125 watts, the response
of "normel® subjects to training wes a decrease in the ventilatory cost of this
effort; whether measured as totzl extra ventilation (L./min/watt)or extra
ventilation during the first 15 min after exercise (Table ). In subjects with
an "anxious" personality type the cost of work on Day 4 tended to be smaller than
normel, =nd the decrease of cost from Day 41 to Day 5 was correspondingly less,
In the "hystericel™ subjeots, on the other hand extra ventilation during the
Yecovery period tended to be large on Day 1, end there was a large average
improvenent froo Dey 1 to Day 5; sone subjec;bs in this group had mot regained
the initizl resting level of ventilation even 15 nin after the end of exercise,

Pulse rates also tendsd to be higher then normel in the "hysterical" group
of subjects, bul differences were less narked than for ventilation.

I1though there were differences of "fitness®™ (on the arbitrary scale)
between the five perscnality groups {Tedble 7), it wes not possible to attribute
the effects described sbove to differences of “initial fitness"; on the contrary
sone of the lowest ventilation rates in "anxious® subjects were seen in subjects
who were not teking part in any athletic sports, and the hysterical subject with
the largest ventilation played footdall regularly, with two training sessions each

week,
CONFIDENTTIL
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DISCUSSION

1, Changes in Performence with "training!

With meny forms of standard exercise such as treadmill walking (9, 10)
and the Harverd pack test (41), a part of the improvement in performence
when the task is repeated at short intervals can be attributed to "learning®
(0xford English Dictionary "Knowledge got by study"), the subjects discovering
methods of reducing the mechanical work necessary to carry out the task,
The possibility of such "learning" is small on the bicycle ergometer if saddle
height and the position of thé subject!s feet on the pedals are controlled.
fny inprovement of meximal performence, or bettering of physiologicel state
at a constant level of performance must thus indicate either "training"
(0.E.D. "bringing athlete to physical efficiency") or "habituation" (0.E.D.
"becoming accustomed to"), The improvement of physical efficiency seen with
"training" may in turn reflect better adjustuent of the respiratory and
circulatory systems to the metabolie requirements of exercise, or an increase
in the mechanical efficiency of the leg' muscles so thet the seme amount of
work is perforned at a lower metabolic cost. "Habituation" may lead to
greater physical efficiency if subjects show an initial tendency to hyper-
ventilation and tachycerdia; both the comments of the subjects and the change
in respiratory quotient with repetition of the teats suggest that "hebituation"
played some part in the improvements of performance found in the present

experiments.

On general grounds, one night anticipate that changes in performance with
"hebituation" would be releted fairly closely to personality, "Training"
should be less influenced by subjective factors, providing that personaiity is
adequate to carry out the required course of vigorous exercise,
2, Physiological Indices of Training

(a) "Maximel effort" tests

"Maximal effort" tests are commonly criticised on the grounds of (i)
diffioculty in assessing motiﬁation, and (ii) their short duration, with conseguent
failure to achieve a steady state, The present experiments show that difficulty
is also created by a steep increase in the ventilatory cost of the final 20 watts
of external work; at a rate of 425 watts, extrs ventilation is no more than
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042 = 043 l./min/watt, but it increases to 0.5 = 0.8 l./min/watt in "maximel
offort" tests (4140 - 4160 watts)e Thus & decrease in the ventilatory cost of

a given effort during "training" mey be obscured by a smell increase in the
amount of external work perforped, end conversely a decrease of v}orking capacity
ney in fect be nasked by e large fall in the ventilatory cost of éiercise.

The commonly adopted indices such as exercise pulse rate and ventilation cannot
be used, end the only valid measures of changes in performance with training or
incepacitation are the output of work achieved, and the physiological state prior

to exercise,

The fact that with repetition of the test, ventilatory and cardiac efforts
were often increesed to achieve a greater work output suggests that "hebituation"
to the unpleasant sensations of “naximal" work played a large part in the improvement
of performance, Subjectively, 9/46 men thought the rides easicr with repetition,
and only 2/46 found them herder, Limitation of performasnce by unpleasant
sensations would explein why the greatest improvement over the week of "training"
was seen in subjects with a "normal" type of personelity, and why some subjects
actually showed a deterioration in "meximel" work output. "Meximal effort" tests
seen critically dependent on the full co-~operation of the subjeoct, and inevitably.
measure not only the physiologicael, but also the psychologicel factors restrioting
performance in a given experimentel aituation. '

(b) Constant effort tests

The majority of the physiological parameters showed some chenge over the
period of study, usually in the direction of an improvement of physical state.

A greater efficiency of ventilatory exchange was shown by a 10% reduction
in the fentilatory equivalent for oxygen. This improvement did not completely
parallel the slowing of respiratory rate, and a better adjustment of ventilation/
perfusion ratios in the lungs must also have contributed to this change.
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The efficiency of the leg muscles was also apparently increased.
Teking figures for Day 1 and Day 5 from Teble 1, a metabolic balance sheet

would read as follows:=

340 Day 4 Day 3.
Total oxygen consumption (L./min) 2,29 2,09
*  pesting oxygen cons.(l./nin) 0.3 043
" oxygen cost of ventilation
(1./nin at 1 nl,/1) 0.039 0,038
Oxygen cost of leg work (1./min) 1.95 1.75
Respiratory Quotient. 1.00 0,95
Calorific equivalent of oxygen (Cal,/min) 5,05 4498
Metabolic work (Cal./min) 9,85 8.7
Ergoneter work (Cal./min) 1,785 1,785
Efficiency of ergometer work 18,4% 20,5%

It has been assumed in calculating this simple balance sheet that during
the ergometer test, added oxygen consumption arises from two sources;=
the internal and external work of ventilation, and the effort of the leg muscles,
The efficiency gquoted is thus an overall value for the body considered as a working
hachine, and includes postural components from muscles not immediately concerned
with movement of the bicycle pedels. The change in efficiency from Day 1 to Dey 5
represent either improved postural adjustment ("learning") or a true increase in
sfficiency of individuel leg muscles ("training").

Changes of heart rate were in general larger and nore consistent than the
ventilatory changes, probably because more factors combined to reduce heéft rate
with repetition of the tests., The metabolic requirements of both "leg" and
respiratory muscles were reduced, and there was a corresponding reduction of
netabolic heat production; finally, the efficicncy of the cardiovascular systen
(perfusion equivalent for oxygen) may also have improved. Beoause it integrates
a wide variety of sdjustments, the pulse rate is probably a better indicator
of physical state then measurements of ventilatibn; this conclusion is borne out .
by observations of the effect of initisl "fitness"™ on both performance on Day 1,
and on the improvement in performance'from Dey 4 to Day L.
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Ls in the "maxinal" exercise tests, many of the adjustments during the
"graining" period seem due to "habutuation". A relative hyperventilation
occurred on Dey 41, as shown by the high respiratory quotient on this day; the
decrease of respiratory quotient from Dey 4 to Day 8 or 9 (7 and 6% respectively)
oorresponded apprcximetely with the decrease of respiratory minute volume
observed during constent sub~naximul exereifle, and this change can thus be
attributed entirely to "habituetion", Any "learning" effects would presumebly
be greatest while exercise was being performed, and since changes during exercise
can be accounted for by *hebituation", "learning" cen have little influence on the
results obtained; <+his finding was anticipated from the rigid control of the
pettern of working. During the period of recovery from exercise, changes were
in general lerger than the 6 - T predicted for "hebituation" (extra ventilation
for 15 min following exercise 19% on Day 8, and 35% on Day 9; pulse total 0~ 5
min after exercise 10% on Day 8 and 12% on Day G; pulse rate 1'5 min after exercise
7% on Day 8, and 9% on Day 9). - Learning is unlikely to be apparent only after
exercise, and the improvement in recovery rate shown by these figures seems in
part a manifestation of true "training".

3.  Optimum regime for training

Previous workers have shown thet performance of a specific task can be

~ improved to some extent by general exercise such as merching (12), or the playing

of laorosse (13)s The present experiments support this conclusion, If the best
index of "training" (pulse totel 0 -5 min after exercise) is taken, subjects in
reguler training for other sports show a lower total on Day 1, end a smeller.

~ improvement from Dey 41 to Day 4 (presumsbly becesuse there is less scope for

improvement of bodily efficiency); the change from Day 1 to Day 4 in subjects
olassed initially as fitness grades 4 end 2 is indeed no more than the 6%
hebituation effect described above,

If reliance is placed upon general measures of "training", these must be
pursued vigorously; it is not unknown for performance to decline during the
period of observation (14, 14). When the subject is trained for the specific
form of exercise on which perfarmance is to be mseﬂssed, the optimum duration and
rete of activity probebly varies with the cardio~respiratory 1oaé. inposed by the
taak, Karvonen et al, (7) exercised men on & treadmill for 30 min periods
4 ~ 5 tines per week, and they foux}Q thet an exercise pulse rate ‘of 135/min was
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necessary to iuprove performance. ~ Fletcher (15) also believed a pulse rate
of this order was needed for improved performence of o st@p test. On the
other hand, Durnin et al. (12) found some training was occurring in men
walking 20 km/dey, and in their experiments the pulse rate was no more than
120/min, In mos% of the present experiments, the pulse rate at the end of
exercise was in excess of 135/min, but in one of the two experiments at an
output of 105 watts, some improvement of performence was seen despite a pulse
rate of only 109/min at the end of the exercise,

With "naxinel" effort rides, the impfovement of performance was not
hastened by changing from one to three rides per day; the most co-operative
subjects of each group achieved the highest performance on Day h:or Dey 5.
With the constant effort rides, the main improvement in pulse total occurred
froﬁ Day 1 to Day 3, and this improvement was actually less for subjects performing
30 min rides than for subjects riding for 15 min periods. The deterioration of
performence during the second week nay reflect "naegative habituation", as the
subjects became bored with the task., It is unlikely that a true loss of physical
efficiency due to excessive exercise would first appear after the weekend break,
as few of the subjects spent their free period in energetic pursuits.

4, The influence of personality

No relationship could be denonstrated between personality and extre-ventilation i

or pulse rate in the "maximal effort" experiments, This may be due partly to the
glinear relationship between work output and cardio—respiratory load, “Nornal"
subjects achieved a higher rate of working than other personality types, end this
would tend to obscure the relationship between hyperventilation and perscnality.
With the subjects performing longer periods of constant sub-maximal work,
some trend with personality was apparent, although with the number of subjects
seen it did not have great statisticel significence, Both at rest and during
exercise, ™hysterical" subjects showed a greater respiratory minute volume and
a faster pulse rate than normal, and hebituated more rapidly with repetition of
the experiment; "anxious" subjects showed a smaller initial response than normel,
end habituated less rapidly with repetition of the tests, Such "habituation"
can ocour in subjects already in "training", and in specific instances the change

of ventilation can equal or exceed thet produced by treining.
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Personal veriation is well recognised as one of the main factors limiting
further advance in the interpretation of respiratory and cardiac measuvements
nade on the individual (47). The present ﬁethod of classifying personality
types is adrittedly crude, but the results are of sufficient promise to suggest
that the sub-division of psychiatricelly "normal" subjects according to personality
type may ultimately be e useful means of reducing personal veriation in physiological
deta, TFurther, excessive ventilatory work can itself limit performence, and for
this reason personality and the psychological approach to successive work periods
cen be significant determinants both of initial working capacity and also of the

response to "training" regimes and to incapacitating agents.

5e The testing of phys.ical’ incapacitation

Fron the military standpoint, physic.al incapacitation may show itself in
three ways. Firstly, the naxioun capacity for a short period of work ma& be
significantly reduced. Secondly, work that is nornally sub-neximel mey be
perforned with such a reduction in efficiency that it, too, exceeds the tolerence
limit when the effort is prolonged. Thirdly, sub-meximel work may be performed
at reduced efficiency, and while remeining within the cepecity of the individual,
nay give rise to generai harassnent.

The first type of incapacitation is readily measured by "maximal® effort
tests, Performance is not far from maximum on Day 4, and a "plateau" of
perfornance against which the effect of en agent can be tested is obtained if the
rides are repeated only once a day for five days. Any change in the "maximal"
rate of working following administration of the incapecitating agent is due to
a combination of both physiological and psychological factors, but some assessment
of the importance of the latter can be obtained by comparing terminal pulse rates
on test and control days.

The end-point of "endurance" is one of the least satisfactory measures of
performance, and for this reason it is not usually practiceble to measure the
second type of incepscitation directly; as with the third type, it is more
conveniently end accurately aassessed in terms of a decrement in physiological
efficiency., A wide variety of parameters, ventilatory and cardiac, must be
neasured; although many of these reach a mininmum in the first week, results
are nore stable during the second week of testing, eand this is thus the optimum
time to examine the effects of an incapaciteting agent,
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RESPIRATORY MINUTE VOLUME (£/min ATPS)

»
0

1]
0

REST (min)

EFFECT OF TRAINING ON RESPIRATORY MINUTE VOLUME OF 9 SUBJECTS

INITIALLY AINING OTHER SPORTS.

—©— DAY |. VENTILATION DURING AND FOLLOWING FIRST 15 MN.RIDE AT 125 WATTS.
FIG. '(b) == O-~DAY'S. VENTILATION DURING AND FOLLOWING I3 TH. IS MIN RIDE AT 5 WATTS,
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CONFIDENTTAL

APPENDIX to P.T.P._ 860

‘The electrically-braked bicycle ergometer

The epparetus is illustrated diagrammatically in Fig,A.1. A shunbte-wound
car dynamo was spring-loaded onto the flywheel of & stanfard 23 in, freme
‘bicycle ergometer. The internal resistance of the shunt windings was relatively
constent at a 1ittle over 4 ohms., The external load consisted of two cear head-
Lights {42V, 72W &nd 6V, 36W) mounted in series. ‘The power consumption of the
lamps wvaried somewhat with filament temperature, =nid to overcome this difficulty,
subjects were instructed =t the beginning of = ride to bring the lamps to above
the brillience meintained during steady oyeling. ALl results were thus obtained
with the filements grafuelly cocling. 4 low inertia mobor and counting unit
wes mounted in pareilel with the lights, amd after calibration the counter reading
for @ given period could be converted to electrical work (watts). Some incentive
For the subjects was pr«ovirare"a by the veriations in brillisnce of the lamps, but as
an edditional spur to effort, = small cycle dyname was coupled to a voltmeter on
the control panel, @nd a series rheostat was so adjusted that the speed of ony

subject wes gpparenily o Iittle wnder helf of maximum For the mechine,

Calitration was cerried out by mounting an ommeter =nd volbmeter im the
flywheel dynamo unit, wusing the dynamo as @ motor, =md couparing the electrical
work geverated by the subject with the electrical power reguired to drive dynamo,
bioycle end Lights ot the same speed. This methold of celibration is open to
mome criticism, since the mechanical efficiency of the bicyele may be less when
operated mormally, owing to @n invresase of pressure on the pedal bearings.

However, withwell-greased beli-bearing joints, any discrepancy in mechenical
efficiency should be small. The moximum efficiency of the machine wes quite low
{3 with mo exbernal losd, 26% with externsl loed), =nd an upper Limit was set

by slipping of the dynomo pulley, Slippirg commenced et 60 pedsl rePele,
corresponding to = wate of working of a Little over 250 watts { ~1550 KegJ/min);
this gives an adeguete mergin for the testing of mormel young men, who eare mot =zble to
'fgenemt‘te power ut @ rate of more than 440-180 watts over & 5 min period,
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